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ABSTRACT: 

PROBLEM TO BE SOLVED: To highly accurately control supply energy for a piezo-stack 
without influence of such as environment temperature. 

SOLUTION: The piezo-actuator drive circuit is constituted to energize the piezo-stack 2 
through a transformer 13 from a direct current power source 1 1 , a switching element 14 is 
provided in the primary side circuit 121 in the energization path 12, a diode 151 is provided so 
that induction electromotive force generated in the secondary side winding 1 32 of the 
transformer is forward bias when the switching element 14 is switched from turn-on to turn-off 
in a secondary side circuit 122, current of the secondary side circuit 122 is allowed only when 
the switching element 14 is turned off, and the piezo-actuator drive circuit is regulated by the 
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current of the primary side circuit 121 flowing when supply energy to the piezo-stack 2 is 
turned on and the inductance of the primary winding 131 of the transformer having 
temperature dependence. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo actuator drive circuit. 
[0002] 

[Description of the Prior Art] A piezo actuator is a thing using a piezo-electric operation of piezoelectric 
material, such as PZT, and the piezo stack which is a capacitive component develops or contracts by 
charge and discharge, and it carries out linear motion of the piston etc. For example, what changes the 
closing motion valve of the injector for an internal combustion engine's fuel injection with a piezo 
actuator is known. 

[0003] There is a thing of two or more switching method as a piezo actuator drive circuit which carries 
out the charge and discharge of the piezo stack. Drawing 9 shows the example of representation of this 
piezo actuator drive circuit, forms diode 907 and forms the closed circuit by this diode 907, the inductor 
909, and the piezo stack 901 so that it may become the energization path which connects DC power 
supply 902 and the piezo stack 901 with a reverse bias to DC power supply 902, while forming a 
switching element 904 and an inductor 909 in a serial. And at the time of ON, a current flows by turning 
a switching element 904 on and off in the path of DC power supply 902 an inductor 909 the piezo stack 
901 - DC power supply 902, and a flywheel current flows in the path of an inductor 909 the piezo stack 
901 diode 907 - an inductor 909 at the time of OFF. Thereby, charge is made by the piezo stack 901, the 
piezo stack 901 develops or thrust is generated. That 1 time of a charge should be made small and an 
inductor 909 should be miniaturized, by repeating on-off actuation of a switching element 904, charge 
actuation is divided into multiple times and is usually performed (JP,10-308542,A etc.). In addition, 
diode 908 and a switching element 905 are for collecting the energy of the piezo stack 901 to a buffer 
capacitor 906 among drawing. 

[0004] Since the supply energy to a piezo stack is expressed with valve flow coefficient (1/2)2 
(electrostatic capacity of a C:piezo stack, V: piezo stack electrical potential difference) although it is 
necessary to control a charge in order to produce and cheat out of the predetermined thrust to the 
predetermined amount of expanding, said predetermined piston, etc. to a piezo stack, there are some 
which control the count of turning on and off of a switching element etc. so that a piezo stack electrical 
potential difference may serve as a predetermined value. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, generally, electrostatic capacity is large at the 
rise of temperature, and capacitive components including a piezo stack increase. For example, the big 
temperature dependence from which electrostatic capacity changes about several times in said 
temperature requirement in the temperature requirement of -20-160-degreeC to stopping at change 
whose inductance is about several % in an inductor by the piezo stack is shown. For this reason, for 
example, even if the piezo stack electrical potential difference serves as said set point correctly, it will 
be dependent on temperature, and said amount of expanding is not given correctly, or the amount of 
electrostatic energies accumulated in a piezo stack produces excess and deficiency in thrust. The 
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problem that highly precise fuel injection is unrealizable in this result, for example, said internal 
combustion engine, is produced. 

[0006] The thing it was made to absorb the temperature dependence of the electrostatic capacity of a 
piezo stack is indicated by JP,1 1-31755,A by supervising the behavior of the amount of expanding of 
the piezo stack under charge, or a piezo stack electrical potential difference, and making the result 
reflect in actuation of a switching element. 

[0007] However, with a technique given [ said ] in JP,1 1-31755,A, an operation burden carries out a cost 
rise greatly. 

[0008] Moreover, although detecting the charging current to a piezo stack with a piezo stack electrical 
potential difference, integrating what multiplied by this, and calculating the amount of supply energy is 
also considered, it is necessary to detect both an electrical potential difference and a current after all the 
top where an operation burden is large. 

[0009] This invention was not made in view of said actual condition, and aims at offering the piezo 
actuator drive circuit which can control the amount of expanding of a piezo stack etc. by high degree of 
accuracy, without being accompanied by the too heavy operation burden. 
[0010] 

[Means for Solving the Problem] In invention according to claim 1, it considers as the configuration 
which energizes the energization path to said piezo stack from DC power supply to said piezo stack 
through a transformer in the piezo actuator drive circuit which charges the piezo stack prepared in the 
piezo actuator by the flyback method. The switching element for energy supply which opens and closes 
this primary side circuit is prepared in the primary side circuit of said energization path by which said 
DC power supply and coil of the upstream of said transformer are connected to a serial. The diode for 
energy supply is formed in the secondary circuit of said energization path where said DC power supply 
and secondary coil of said transformer are connected to a serial so that the induced electromotive force 
generated in said secondary coil at the time of said primary side-circuit closing may serve as forward 
bias. 

[001 1] If a switching element turns on, the current increased gradually to the upstream coil of a 
transformer will flow, and the energy according to a current value is accumulated in a transformer. The 
induced electromotive force generated in the secondary coil of the transformer at this time does not 
contribute to charge of a piezo stack in a nonreturn operation of diode. Subsequently, to diode, if a 
switching element turns off, since it is forward bias, a current will flow in a secondary circuit and, as for 
the induced electromotive force generated in the secondary coil of the transformer at this time, a piezo 
stack will be charged. 

[0012] In the conventional thing (refer to drawing 9 ), the energy supplied to a piezo stack like the above 
by this invention to the energy from DC power supply being distributed and accumulated in an inductor 
and a piezo stack when a switching element is an ON state is only the energy accumulated in the 
transformer, when a switching element is an ON state. This energy is expressed as LI (1/2)2 (the 
inductance of Litransformer primary winding, I: current of the transformer primary winding in front of 
switching element OFF) like an inductor. That is, it is prescribed by the inductance L and current value I 
of a transformer primary winding as a small inductor of a temperature change as compared with a 
capacitative element. Therefore, supply energy to a piezo stack can be controlled only by supervising 
that the current value I reached the predetermined value with high precision, without being accompanied 
by operations, such as the amount of energy. 

[0013] A capacitor is made to interpose in said DC power supply between the outgoing end in the 
configuration of invention of claim 1 in invention according to claim 2. The switching element of energy 
time condemnation is prepared in said diode and juxtaposition in said secondary circuit. The diode of 
energy time condemnation is formed in said primary side circuit so that it may become a switching 
element for said charge control, and juxtaposition with a reverse bias to said DC power supply. 
[0014] If the switching element of energy time condemnation turns on, the discharge current of a piezo 
stack will flow to the secondary coil of a transformer, and energy will be accumulated in a transformer. 
Then, if the switching element of said energy time condemnation turns off, the induced current will flow 
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to an upstream coil and charges, i.e., energy, will be collected by the capacitor. 

[0015] In invention according to claim 3, in the configuration of claim 1 or invention of two, said 

switching element is connected so that the end may serve as a reference potential of said energization 

path. 

[0016] Since-izing of the switching element can be carried out [ low side ******** ] 5 the drive circuit of 
a switching element can be considered as a simple configuration. 

[0017] In invention according to claim 4, what connected the switching element said piezo stack and for 
said piezo actuator selection to the serial in said secondary circuit is connected to two or more set 
juxtaposition in the configuration of claim 1 thru/or invention of three. 

[0018] Only the piezo stack corresponding to what was turned on among the switching elements for 
piezo actuator selection forms said secondary circuit. Since a transformer, the switching element for 
energy supply, etc. can be considered as a common configuration to two or more piezo actuators, 
simplification of circuitry and cost reduction can be planned. 

[0019] In invention according to claim 5, in the configuration of claim 1 thru/or invention of four, when 
only a predetermined count turns on and off the switching element which opens and closes said primary 
side circuit, it considers as the configuration which supplies desired energy to a piezo actuator. 
[0020] According to the count of turning on and off of said switching element, supply energy is 
controllable to arbitration. 
[0021] 

[Embodiment of the Invention] (The 1st operation gestalt) The configuration of the piezo actuator drive 
circuit which applied this invention to drawin g 1 is shown. The piezo actuator drive circuit was applied 
to the fuel-injection system of the 4-cylinder diesel power plant of a common rail type, and is later 
mentioned about the whole fuel-injection system configuration. The piezo actuator drive circuit 1 
constitutes DC power supply 1 1 from a mounted dc-battery 1 1 1 and a dc-battery 1 1 1 with DC-DC 
converter 1 12 which generates the direct current voltage of dozens - hundreds V, and the buffer 
capacitor 113 connected to the outgoing end at juxtaposition, and outputs piezo stack 2 A, 2B, 2C, and 
the electrical potential difference for charge of 2D. The energization path 12 energized to piezo stack 2 A 
- 2D performs energization through a transformer 13 from DC power supply 11. The electrostatic 
capacity of a buffer capacitor 1 13 is comparatively big, it is constituted, and maintains the electrical- 
potential-difference value of abbreviation regularity also at the time of the charge actuation to piezo 
stack 2A - 2D. 

[0022] Piezo stack 2A - 2D are carried in each of an injector as an object for the change of the fuel 
injection of the injector formed in each gas column, and a halt so that it may mention later. 
[0023] To the primary side circuit 121 which connects the upstream coil 131 of the DC power supply 1 1 
and the transformer 13 of the energization path 12, the switching element (suitably henceforth an 
upstream switching element) 14 is formed in the capacitor 1 13 and the transformer upstream coil 131 at 
the serial, and the primary side circuit 121 is opened and closed. nMOSFET is used for the switching 
element 14, the drain flows with the transformer upstream coil 131, and the source is grounded and 
serves as a reference potential. Thereby, the parasitism diode (suitably henceforth upstream parasitism 
diode) 141 of the upstream switching element 14 serves as a reverse bias to DC power supply 11, and 
only the current of the direction which faces to the positive electrode of a capacitor 1 1 3 from the 
transformer upstream coil 131 is permitted. 

[0024] In the secondary circuit 122 which connects the secondary coil 132 of a transformer 13 of the 
energization path 12, and piezo stack 2 A - 2D, the switching element (suitably henceforth a secondary 
switching element) 15 is formed in the serial at the transformer secondary coil 132, and piezo stack 2A - 
2D, and the secondary circuit 122 is opened and closed. nMOSFET is used, the secondary switching 
element 15 flows through the drain with the transformer secondary coil 132, and the source is grounded 
and serves as a reference potential. The parasitism diode (suitably henceforth secondary parasitism 
diode) 151 of the secondary switching element 15 permits only the current of the direction which goes to 
piezo stack 2 A - 2D from the transformer secondary coil 132. 

[0025] The secondary circuit 122 is common to each of piezo stack 2 A - 2D, and can choose piezo stack 
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2A as a candidate for a drive - 2D as follows, namely, piezo stack 2A - 2D ~ respectively - being alike - 
- switching elements (suitably henceforth a selection switching element) 16A, 16B, 16C 5 and 16D are 
connected to a serial 1 to 1, and 16A-16D corresponding to PIESU tuck 2 A of the injector of an 
injection gas column - 2D are turned on. nMOSFET is used, the selection switching elements 16A-16D 
flow through the drain with corresponding piezo stack 2A - 2D, and the source is grounded and serves as 
a reference potential. The parasitism diodes (suitably henceforth secondary parasitism diode) 161 A, 
161B, 161C, and 16 ID of the selection switching elements 16A-16D permit only the current of the 
direction which goes to the transformer secondary coil 132 from piezo stack 2A - 2D contrary to the 
secondary parasitism diode 151. 

[0026] The control signal has inputted into each gate of switching elements 14, 15, 16A-16D from 
ECU3, respectively. While turning either of the selection switching elements 16A-16D on and choosing 
piezo stack 2A for a drive - 2D like the above A pulse-like control signal inputs into the gate of the 
upstream switching element 14 and the secondary switching element 15, switching elements 14 and 15 
are turned on and off, and the primary side circuit 121 and the secondary circuit 122 are opened and 
closed. 

[0027] Moreover, the winding direction of the coil 131,132 of a transformer 13 is set up as follows. That 
is, although the current which the upstream switching element 14 will-increase gradually to the 
transformer upstream coil 131 if the primary side circuit 121 is closed by ON flows, it is set up so that 
the induced electromotive force generated in the transformer secondary coil 132 according to this 
current to increase gradually may serve as a reverse bias to the secondary parasitism diode 151. When 
the upstream switching element 14 changes from ON off and the primary side circuit 121 carries out 
Kaisei of this, it is equivalent to being set up so that the induced electromotive force generated in the 
transformer secondary coil 132 may serve as forward bias to the secondary parasitism diode 151. By 
this, at the time of ON of the upstream switching element 14, a current does not flow in the secondary 
circuit 122, but the current of the direction which goes at piezo stack 2 A - 2D to the secondary circuit 
122 from the transformer secondary coil 132 at the time of OFF of the upstream switching element 14 
flows, and piezo stack 2A - 2D are charged. Piezo stack 2A - 2D are elongated by charge. 
[0028] Therefore, when piezo stack 2A - 2D are in a charge condition, the secondary switching element 
15 is turned on, the secondary circuit 122 closes, the discharge current from piezo stack 2A - 2D flows 
in the secondary circuit 122, and piezo stack 2 A - 2D contract. Here, even if said discharge current flows 
in the secondary circuit 122, a current does not flow to the primary side circuit 121, but the current of 
the direction which faces to a buffer capacitor 1 13 from the transformer upstream coil 131 at the primary 
side circuit 121 at the time of OFF of the secondary switching element 15 flows, and a buffer capacitor 
1 13 is charged. 

[0029] The structure of the injector for fuel injection where piezo stack 2A - 2D are carried in drawing! 
is shown, and the fuel-injection structure of a system of the common rail type of the diesel power plant 
which has said injector in drawing 3 and is constituted is shown. The injector 4 for several gas column 
minutes of a diesel power plant is formed corresponding to each gas column (one injector 4 is illustrated 
in the example of drawing), receives supply of a fuel from the common common rail 54 which is open 
for free passage through a supply line 55, and injects a ftiel from an injector 4 by the injection pressure 
equal to the combustion chamber of each gas column to the fuel pressure in the abbreviation common 
rail 54 (henceforth, common-rail-pressure force). The fuel of a fuel tank 51 is fed by the common rail 54 
with the high-pressure supply pump 53, and it is stored with high pressure. 

[0030] Moreover, the fuel supplied to the injector 4 from the common rail 54 is used also as control oil 

pressure of the injector 4 besides for the injection to the above-mentioned combustion chamber etc., and 

flows back into a fuel tank 51 through the low-pressure drain line 56 from an injector 4. 

[0031] It is prepared in a common rail 54, the common-rail-pressure force is detected, ECU3 controls 

the metering valve 52 based on the detection result, and a pressure sensor 57 adjusts the pumping speed 

of the fuel to a common rail 54, and controls the common-rail-pressure force to become the proper 

injection pressure according to the service condition known by other sensor inputs etc. 

[0032] As shown in drawing 2 , an injector 4 is a rod-like structure, and it is attached so that the amount 
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of drawing Nakashita flank may penetrate the combustion chamber wall of engine figure abbreviation 
and it may project in a combustion chamber. The injector 4 is nozzle section 4a, back-pressure control 
section 4b, and piezo actuator 4c from the bottom at order. 

[0033] The needle 421 is held free [ sliding ] in the back end section in the body 404 of nozzle section 
4a, and a needle 421 sits down or stand ups on the annular sheet 4041 formed in the point of a nozzle 
body 404. A high-pressure fuel is introduced into the periphery space 405 of the point of a needle 421 
from a common rail 54 through the high-pressure path 401, and a fuel is injected from a nozzle hole 403 
at the time of standing up of a needle 421. The fuel pressure from said high-pressure path 401 is acting 
on the annular **** 421 1 in the direction of a lift (facing up) at the needle 421. 

[0034] Behind the needle 421, the fuel as a control oil is introduced through the in orifice 407 from the 
high-pressure path 401, and the back pressure room 406 which generates the back pressure of a needle 
421 is formed. This back pressure acts on the back end side 4212 of a needle 421 in the taking-a-seat 
direction (facing down) with the spring 422 arranged in the back pressure room 406. 
[0035] Said back pressure is changed by back-pressure control section 4b, and back-pressure control 
section 4b is driven by piezo actuator 4c equipped with said piezo stack 2A. In addition, the injector 
equipped with piezo stack 2B - 2D is also the same structure. 

[0036] Said back pressure room 406 is always open for free passage with the valve chest 410 of back- 
pressure control section 4b through the out orifice 409. The head-lining side 4101 is formed in the shape 
of [ upward ] a cone, and the valve chest 410 is connected with the low pressure chamber 41 1 at the 
topmost part of the head-lining side 4101. The low pressure chamber 41 1 is open for free passage with 
the low voltage path 402 leading to the drain line 56. 

[0037] The high-pressure control path 408 which branches from the high-pressure path 401 is carrying 
out opening to the base 4102 of the valve chest 410. 

[0038] In the valve chest 410, the ball 423 which cut the lower part horizontally is arranged. A ball 423 
is the valve element which can move up and down, at the time of descent, it sits down in respect of 
[ above-mentioned ] a cut on the valve chest base (henceforth a high-tension-side sheet) 4102 as a valve 
seat, intercepts the valve chest 410 with the high-pressure control path 408, sits down to the above- 
mentioned head-lining side (henceforth a low-tension side sheet) 4101 as a valve seat at the time of a 
rise, and intercepts the valve chest 410 from said low pressure chamber 41 1 . By this, at the time of ball 
423 descent, the back pressure room 410 is open for free passage with a low pressure chamber 41 1 
through the out orifice 409 and the valve chest 410, the back pressure of a needle 421 falls, and a needle 
421 stand ups. On the other hand, at the time of a rise of a ball 423, the back pressure room 406 is 
intercepted with a low pressure chamber 41 1, it is open for free passage only with the high-pressure path 
401, the back pressure of a needle 421 rises, and a nozzle needle 421 sits down. 
[0039] The press drive of the ball 423 is carried out by piezo actuator 4c. Piezo actuator 4c is held free 
[ sliding of two pistons 424,425 from which a path differs in the dugout 412 formed in the vertical 
direction above the low pressure chamber 411], and piezo stack 2 A is arranged above the piston 425 of 
an upper major diameter considering the vertical direction as a flexible direction. 
[0040] the major-diameter piston 425 is maintaining piezo stack 2 A and a contact condition with the 
spring 426 prepared caudad, and is the same as the amount of telescopic motion of piezo stack 2A - it 
displaces to ** top down. 

[0041] The space demarcated in the ball 423, the minor diameter piston 424 of the bottom which 
counters, the major-diameter piston 425, and the dugout 412 is filled up with a fuel, the displacement 
expansion room 413 is formed, and if the major-diameter piston 425 carries out inferior displacement by 
expanding of piezo stack 2 A and the fuel of the displacement expansion room 413 is pressed, the thrust 
will be told to the minor diameter piston 424 through the fuel of the displacement expansion room 413. 
Here, since the minor diameter piston 424 is made into the minor diameter rather than the major- 
diameter piston 425, the amount of expanding of piezo stack 2A is expanded, and it is changed into the 
variation rate of the minor diameter piston 424. 

[0042] The displacement expansion room 413 leads to the low voltage path 402 through the check valve 
which is not illustrated so that always enough fuels may be filled. The direction which goes to the 
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displacement expansion room 413 is established in the check valve as the forward direction from the low 
voltage path 402, when the major-diameter piston 425 is pressed by expanding of piezo stack 2A, it is 
closed, and it confines a fuel in the displacement expansion room 413. 

[0043] At the time of fuel injection, when piezo stack 2A is charged and piezo stack 2A develops first, 
the minor diameter piston 424 descends and a ball 423 is depressed. Since it sits down on the high- 
tension-side sheet 4102 and the back pressure room 406 is open for free passage with the low voltage 
path 402 while a ball 423 estranges from the low-tension side sheet 4101 by this, the fuel pressure of the . 
back pressure room 406 falls. The direction of the force of acting on a needle 421 in the standing-up 
direction serves as dominance from the force of acting in the taking-a-seat direction, by this, a needle 
421 stand ups, and fuel injection is started. 

[0044] An injection halt reduces piezo stack 2A by discharge of piezo stack 2A on the contrary, and 
cancels the depression force to a ball 423. Since the inside of the valve chest 410 serves as low voltage 
and high-pressure fuel pressure is acting on the base of a ball 423 from the high-pressure control path 
408 at this time, upward fuel pressure is acting on a ball 423 as the whole. And since it sits down on the 
low-tension side sheet 4101 again and the fuel pressure of the valve chest 410 rises by discharge of the 
depression force to said ball 423 while a ball 423 estranges from the high-tension-side sheet 4102, a 
needle 421 sits down and injection stops. And a fuel is injected by setting up the charge maintenance 
period of piezo stack 2A from a fixed period corresponding to a charge maintenance period, and a 
nozzle hole 401. 

[0045] Actuation of each part of said piezo actuator drive circuit 1 is shown in drawin g 4 , and this 
explains actuation of the fiiel-injection system which includes the piezo actuator drive circuit 1 with a 
setup of ECU3. In addition, actuation is substantially the same about every injector, and the injector 4 
which represented and was equipped with piezo stack 2 A is explained. It is the first half among drawing 
at the charge time of piezo stack 2 A, and the second half shows the actuation at the time of discharge of 
piezo stack 2 A. Selection switching element 16A corresponding to piezo stack 2 A is beforehand 
changed to ON. 

[0046] The actuation at the time of charge of piezo stack 2A is explained. If the upstream switching 
element 14 is turned on and off in the shape of a pulse, first, a saw-tooth-wave-like current will flow 
from a capacitor 1 13 to the transformer upstream coil 131 at the "on" period of the upstream switching 
element 14 (II), and energy will be accumulated in a transformer 13. At this time, like the above, a 
current does not flow in the secondary circuit 122 (12), and piezo stack 2A is not charged. 
[0047] And if the upstream switching element 14 turns off, the induced electromotive force generated in 
the transformer secondary coil 132 will serve as forward bias to the secondary parasitism diode 151, a 
current will flow in the path of the transformer secondary coil 132 piezo stack 2A - secondary parasitism 
diode 151 - the transformer secondary coil 132, and piezo stack 2A will be charged. That is, the energy 
accumulated in the transformer 13 moves to piezo stack 2 A. 

[0048] The energy W accumulated in a transformer 13 here will serve as a formula (1), if peak value of 
the energization current of L and the upstream coil 131 is set to I for the in dunk shot wardrobe of the 
upstream coil 131. 
W=(1/2)LI2... (1) 

[0049] Moreover, it is referred to as T, and since it is I=VT/L, the electrical potential difference of a 
buffer capacitor 1 13 can be expressed for the ON time amount of V and the upstream switching element 
14 as a formula (2). 
W=(l/2) (VT)2/L...(2) 

[0050] And depending on the inductance of the small transformer primary winding 131 of temperature 
dependence, it is not dependent on the electrostatic capacity of piezo stack 2A, and since the electrical 
potential difference V of a buffer capacitor 1 13 is fixed, it can control the supply energy to piezo stack 
2 A with high precision according to a setup of the ON time amount T, or a setup of the count of turning 
on and off of the upstream switching element 14, so that this energy is known from a formula (2). For 
example, like the example of drawing 4 , while carrying out multiple-times turning on and off of the 
switching element 14, ON time amount T is fixed, energy W in one turning on and off of a switching 
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element 14 is fixed, according to the energy demanded, the count of turning on and off of a switching 
element 14 can be set up, and Energy W can be controlled for the supply energy to piezo stack 2 A by the 
count of turning on and off to arbitration as a unit. Thereby, it becomes possible easily to use a needle 
421 as the so-called half lift which makes a ball 423 a lift condition with a taking-a-seat condition, and 
common rail pressure can be controlled with high precision. For example, the amount of lifts of the ball 
423 influenced of common rail pressure can be made into an expected value by controlling the supply 
energy to piezo stack 2 A according to common rail pressure. 

[0051] And since it is not necessary to supervise change of the piezo stack electrical potential difference 
which originates in the temperature dependence of piezo stack 2A, and to feed back to charge control, an 
operation burden is light. 

[0052] The temperature characteristic of the amount of elongation of piezo stack 2A and the amount of 
displacement of a bulb 423 is shown, drawing 5 is the thing of this invention, and drawing 5 and 
drawin g 6 are the things of equipment (refer to drawing 9 ) conventionally which drawin g 6 will 
consider as the completion of charge if a piezo stack electrical potential difference reaches a 
predetermined value. In addition, it combines with both drawings, respectively and the temperature 
characteristic of the supply energy to piezo stack 2A is shown. Supply energy detects a piezo stack 
electrical potential difference and the charging current, and is searching for them in integrating what 
multiplied by this. 

[0053] Conventionally, with equipment, supply energy changes more than twice in the temperature 
requirement of -20-160-degreeC, and the amount of elongation of a piezo stack and the amount of 
displacement of a ball change about twice, on the other hand - this invention - said temperature 
requirement - supply energy almost - not changing ~ the amount of elongation of a piezo stack, and 
a bulb - a variation rate - the amount is fixed. In addition, among drawing, although the amount of 
elongation of a piezo stack is converted with a dilation ratio (area ratio of a piston), the thing with the 
smaller amount of displacement of an actual ball is because the fuel of the displacement expansion room 
413 is compressed because the minor diameter piston 424 receives the high-pressure fuel of the valve 
chest 410 through a ball 423, and a dilation ratio is reduced by this compression. 
[0054] Moreover, an upstream electrical potential difference, i.e., the output voltage of DC-DC circuit 
1 12, can be low-battery-ized by taking the winding ratio (upstream coil: secondary coil) of a transformer 
13 the one of the secondary coil 132 larger enough like 1:2 or 1:3, and raising a pressure-up ratio. 
Thereby, the thing of low pressure-proofing becomes usable to a buffer capacitor 113, and the 
miniaturization of a circuit can be attained. 

[0055] Next, the actuation at the time of discharge of piezo stack 2A is explained. If the secondary 
switching element 15 is turned on and off in the shape of a pulse, first, a saw-tooth- wave-like current 
will flow from piezo stack 2 A to the transformer secondary coil 132 at the "on" period of the secondary 
switching element 15, and energy will be accumulated in a transformer 13. Since the sense of the current 
at the time of discharge is the time of charge, and hard flow, the induced electromotive force generated 
in the transformer upstream coil 131 serves as a reverse bias to the upstream parasitism diode 141, and a 
current does not flow to the primary side circuit 121 . 

[0056] And if the secondary switching element 15 turns off, the induced electromotive force generated 
in the transformer upstream coil 131 will serve as forward bias to the upstream parasitism diode 141, a 
current will flow in the path of the transformer upstream coil 131a buffer capacitor 1 13 the upstream 
parasitism diode 141 - the transformer upstream coil 131, and a buffer capacitor 113 will be charged. 
That is, the electrostatic energies of piezo stack 2A will be collected by the buffer capacitor 113. 
[0057] Thus, according to this invention, since the supply energy to piezo stack 2A - 2D is controllable 
by high degree of accuracy, excess and deficiency are not produced to supply energy, but futility arises 
in consumed electric power, or producing poor actuation is avoided. 

[0058] In addition, it can consider as the circuitry from which the degree of freedom of an insertion 
point is large since an upstream switching element should just open and close a primary side circuit in 
this invention, although a switching element is conventionally interposed between a capacitor and an 
inductor with equipment (refer to drawing 9 ) since a diode, inductor, and piezo stack needs to form a 
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closed circuit by two or more switching method, and said closed circuit is formed in OFF of a switching 
element, and a switching element serves as a low side switch like this operation gestalt. Thereby, the 
configuration of the drive circuit of a switching element can be performed simply. That is, it is because 
the source potential of a switching element is always touch-down potential and is conventionally stable 
with this operation gestalt to changing the potential of the connection middle point of both the switching 
elements 904,905 with equipment. 

[0059] (The 2nd operation gestalt) The 2nd operation gestalt of this invention is shown in drawing 7 . 
Since the part which is the thing of a configuration of driving a single piezo actuator, and attached the 
same number as the 1st operation gestalt among drawing carries out the same actuation as the 1st 
operation gestalt, it explains focusing on difference with the 1st operation gestalt. 
[0060] With this operation gestalt, ECU3A is carrying out the on-off drive of the upstream switching 
element 14 and the secondary switching element 15 like the 1st operation gestalt, and changes charge 
and discharge of the single piezo stack 2. 

[0061] (The 3rd operation gestalt) The 3rd operation gestalt of this invention is shown in drawing 8 . It 
is what was made to perform the on-off drive of an upstream switching element with another 
configuration, and a fundamental configuration is the thing of the 2nd operation gestalt. Among 
drawing, since the part which attached the same number as the 1st and 2nd operation gestalt carries out 
the same actuation as the 1st and 2nd operation gestalt, it explains focusing on difference with the 1st 
and 2nd operation gestalt. 

[0062] The fundamental configuration of primary side-circuit 121 A and secondary circuit 122 A is the 
same as that of the 1st and 2nd operation gestalt. On the common track by the side of the source of the 
upstream switching element 14 and the secondary switching element 15 of primary side-circuit 121 A 
and secondary circuit 122 A The resistor 17 of low resistance is formed as an object for current detection, 
and ECU3B determines the off timing of the upstream switching element 14 based on the current 
detected by the resistor 17. 

[0063] For ECU3B, the upstream switching element 14 is the current II in an ON state. When the 
current I set up beforehand is reached, it is constituted so that the upstream switching element 14 may be 
made to turn off. Energy supply can be performed to the piezo stack 2 with high degree of accuracy so 
that clearly [ this configuration ] from said formula (1). 

[0064] In addition, in said each operation gestalt, although it has the composition of permitting only the 
current of the charge direction of a piezo stack for a secondary circuit with secondary parasitism diode, 
at the time of charge, a switching element may form the diode of another object. The same is said of 
upstream parasitism diode. 



[Translation done.] 
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«S/-- h 4 0 4 1 fctfSifcttKffi-f 4 . -~ H^4 2 
1 (ajfciflfflWttl-fflSfiM 0 5 C«4SEjISS4 0 1 at I 
Xo*y\s-i\s5 4fr e>W£3Bmtm\ 3*u FA- 

4 2 1 ««wrt«?L4 o 3frbmmtm%fzti&. - 
- k;u4 2 1 uacommm4 2 1 1 izmzn&m® 

4 0 1 fttfeOfltflEtf'J ^ (±I6I# ) tc^ffl LT 

[ 0 0 3 4 ] Y)14 2 1 c9f£tf£fi«EiI£&4 0 1 
*><W yjf'J 7 < X4 0 7 £*N/C*fl»ifti LT<7>»4 
a^ASixTfc 0 . H;U4 2 1 <offE*«&f SIT 

ES4 0 6*geja$ii&. zffmmt. »ES4 0 6t 

■ mkZtd2.Z.7Vy? 422 tk.l>\,z--¥ll42 \<T> 
\mm4 2 1 2fc«£tf|6l (Tl*I# ) tfftfl-*-*. 
[00 35] lulEirEJ4irE*l««4 b f ffl OSi h 
ft, WE$iJfflIS84 b ttffief XV*? -y ? 2 A*«ifc 
trxy7?f\*x-*4cfcJ:>J8a&$*i4. tr 
X</X 9-/92 B~2D ZffittzJ Xyi?^tPltl 
3tT'fci>. 

[ 0 0 3 6 ] ff8EWES4 0 6 liT"> h 'J 7 -f X 4 0 
9fcrtl/t*W. W£HWS4b«>#£4 1 OtjiiiL 
T^|>„ #^4 1 0(i^#B4 1 0 l#_t|6]£<DRffcK 
fc»*S*iTte»)» ^#E4 1 0 1 ««J:«?ffiES4 
l lio^tw. ffiES4 l UZYU-yy-iy 

5 6tiltSfiEfflK4 0 2 fcjUlLT^S. 

[0037] #M4 1 0<7)£ffi4 1 0 2 tC(iKE)IS84 
0 1 iPd>ft®t&l£EMWm&4 0 8* ! Ma I/O** . 

[0038] #M4 1 Ortfcti. TIHS^**^^ v 



5) *H?H2 0 0 2-1 0 1 673 

8 

h ltz#-)V4 2 3jWER3*vCO&. -•K-/U4 2 3(i 

#mt ixv)#mm (OT. »em>— h*v^ ) 4 

10 2(c«iiL#S4 1 0SrSEi||ffl)ffl?34 OStiiffir 
I. ±.mi,zii#mt LXco±Mtt#® (fcTF. ffiEfl 
is-Yli^o) 4 1 0 ltc*l£l,#S4 1 OSrifiEfflcE 
£4 1 l*»<->i8Srf*. diiCiO. #-/M2 3TB 
B*Kti1T£ES4 1 0 #7* h* 'J 7^409, #S4 

1 0£HT<B;E£4 1 lfciiilL. -- h'/M 2 1 

10 EtfffiT LT HVU4 2 1 jWiffi-f* . ^-^ 
4 2 3tfO±#^lc{iWES4 0 6*«fiEJ64 1 1 tim 
?atl«E«4 0 lcO^tifiiL. --K/U4 2 1C0 
tTE*«±# IX y XlV-- Y)14 2 1 l&t&th . 
[0039] +C-;U4 2 3litlV'7;faX-^4c 
tcJ:9fflEra£ii!>. txy*7?fax-^4cll 
fiE^4 1 l»±*fc±-Rjri6|fc»«S<lfc«?t4 1 2 
Wi^ : 0r.i»2'5£Oh'Xhy4 24. 4 2 5/flBKli4 
tfitfSfSfu ±ffl|co*@<oh:xhy4 2 5»±^tt^x 

20 ^4. 

[0040] *f.?t\X h X4 2 5(i-?-cOT^tci5Jt^fL 
tzX7 l Jy/426tC t tO t°XV'X 9 9 2 Ab iJg^ 
JBS-W* tt 13 0 . tX'/* ? y ? 2 A«0(*«UI t R fc 

[004 1] --K-/U4 2 3 t»l6l-t*TM<0/jNgt:x I- 
V4 2 4 t-X®XX hy4 2 5 fc$85v4 1 2 t t'H^il 
^ffiran(i^* < 5E*«$ixtS:(at!!:^M4 l 3A<ffM$ 
ilT tJ 0 , fxyx ? y 9 2 AffiffikXr%& h y 4 

2 5tni7^ix^im±m4 1 3o»2r#E-r& 

30 t. *«ffE**^Efi[tfe^4 1 3cOffi«?r^tT^S 
\ZXY>4 24lZ&tt>tl&. ZZX\ >mVXhy4 
2 4ti*fiex> >-4 2 5 J: 0 fcyhgfc LT V^4<0T» 

txyx? >y ^ 2 A<7)ffftfi*^$ixT4N@tx h y 

4 2 4<0^fit^$<Xl). 

[0042] mm*.^4 1 3liSH+*ifflAWc 
$ ixl> J: o icH^ L^r l^f-x y ? #2r^ (SE«4 
02fcfflftU£. ^x-y?#JifiEjM8l4 0 23&>feS 
<iffi^M4 l 3{c(Si*>d^r(6i^)i7Ji^i LT^tt^iiT 
0. txyx?-y^2A^#*tJ:0±flt°xhy4 

40 2 5wwmztitzmzm tximi^m.±m.4 1 3 1 

[0043] m«ffB#Wi. jtr. txyx? y ^ 2 

AtfJEMZtlX fl/X^ -y ? 2 AJ^ffft-t 4^ t fc J: 
0 . 'h@ fx b y 4 2 4 #TP$ t T .-K-^4 2 3 * I 
TtfS. CiXlCj; >)--K-^4 2 3WWmis'-Y4 1 0 
• l*»^HHB|-r&i:fc<>K:WEfll>'-b4 I 0 2(c««U 
TWES4 0 6*<<SEilSS4 0 2 WE 
S4 0 6^«*$E#fflsTfl>. CixtciO. h'^4 

2 ncg«^(&]^ffl 1- 1. -tvrytitmmm tffffl-r & 

50 73 i 0 , F/P4 2 1 tmmLXWm 
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[0044] WtffjkiiR** tCt?xy\** 7 7 2 
«C J: 0 KxV* 9f92 A Srffi/hLT #-/P4 2 3^ 
0$LTtf77£8?&fctl>. COB#. #S4 1 OrttefKE 
i&oTfcO. 4fcjtf-JU4 2 3aKB£ttXffiMMi 

s§4 o sfrhmK<rtm&himm ix^hfrh . 

/M 2 3(cli£*fc LT(i±fi#0$j|S}E#f1UBLT^ 
i. *LT. H5ie^-^4 2 3A.o}¥LT(f^c0TOc 
£ 0 . X-lM 2 3i)^EM>—h4 1 0 2a»$>«ISW 
6fctttSlXffiEilv-h4 10 lC*JiUT#^4 10 

1 0Oi»4E7Jtf±#-f X-H/U4 2 
L«W^ff±1-* . * LT - tfxy* ? y ? 2 AWftM 

mm?$m%.thztx\ yzmmnmizttfcitz- 

J£*)»IHL «H14 0 l*^f4rt 5 i«&f£*il>. 
[ 0 0 4 5 ] H4 CMetxVT?^AX-:?!Bl&0» 

fctttxVT^f-AX-^BiligBi £*tr*8*» 

? y ? 2 A £ {1 * £4 V x ? ? 4 ^TRBB-t 4 . 20 

xyx?7?2AOfemB^fMS£^LT^I>. Tftt 
xV^ ; 7 ^2A K*tt£tf-£ StRA-f ? * V/Stl 1 1 6 

[0046] fl'A^v ? 2 A<0^B*7)f£Bl£O^ 

3 1 tc««tt<o«a»«aax ( 1 1 ) . h 5 1 3 cx 
*/Mr'-#If«£ftS. c^b#. Maori: <-<xw® 30 
851 2 2tc(imcStior^ ( 12 ) . b-i/x^7?2 

Ate3£m$ft&v\ 

[ 0 0 4 7 ] -e LT . -iMHX-f yf-y/^? 1 4 

7*4 fc . h y yxzwrn* 1 3 2 t^4tsi^e 

«^ti;Z»:«4/^ *- F 1 5 1 fc*t LXWU 
ttc-oX, YyVA-dWmi3 2^3.YX?»/7 

2 A--tt.mt&.y-< V 1 5 1 ~F 7 y*Z<X«B* 

& 1 3 2 1 V> 5 aKTTOWaEM. t'x V* ^ 7 7 2 A 
{±jfc«3*i*. 3t^«$iifcx 

*/pdp-*«exy y 7 2 a tawrt 6 . 40 

[0048] crT'h^VX 1 3£S«3ft!>X*/Nf 

-wti, 1 3 1 co-f yfyrfyxZL, - 

%OI&ttl 3 1 *>aWKetf>tf-?fflSr 1 t-f . & 

( 1 ) fcfc*. 

W= ( 1/2) LP • • • ( 1 ) 
[0 04 93 ttz, A' 7 7r3yf>tl 1 3<7)W.K.£ 

T. I=VT/Lt**H.S(2)t«*J. 
W= ( 1/2) (VT) 2 /L • • • (2) 
[0050] -£LT, Cl«0X^Jf-«^ (2) 50 



^20 02-1 0 1 67 3 
1 0 

3 lc7)-fyy^^yX(C{S#LTfxVX^ y^2AW 
IMKF4ttt*fe#-e-f. ifc. A' 7 7 T 3yf^l 1 
3^mEV{i-^T-<feS*^. *y«fflT«)R5g^a 
dx-f y^-y/^i 4WJi-y^7i5ia^StciEtT 
h'XV'X^ y 7 2 A^^x*/Wf-£*»KfclMW! 
-f6,Ifca ? T'§<&. W^(f04WW<7)«k3fc:. 7,4 yf- 

y/*^i 4*mm*y*7?z,ttuz. *ymm 

TZ-felzlxxj 7fy/ffi 4<r)\®myX7 
CfcttSx^af-WSr-^cL. g*£ft.&x*/Mf 
-dJELTX-f •yf-y* r * : H 4<0tf ytf 7@S$rRjg 
lt, 3f y*?®mz X 0 trxy'x ? y 7 2 A^<7>flt& 

i i: #T* * 6 . ZtllzJ: 0 . x- K;l/4 2 1 &*&tt?B 
«44sK-iP4 2 3£ y 7 hmittSs kvW>6vv- 
7'J7ht•r•i.C:i:* i ^^w'5Itli: : 5: , ). atyl/-* 
E«M»* JW»*Cff 3 i t * { T-# 4 . «itf . 3ty 
U-;UECJi£>tTtxyx^ y^ 2 A-^<7)&&x*/l^f 
-SMW-rs^tT, 3^yu-;UE<0»»S:S<tS^ 
-^4 2 3«0'J 7 h**J5r»K0ilfct 6 - 1 tfX'% h . 
[005 1 ] L*»i> . fX«/A? y 7 2 A«OjgJKfi<#tt 
tffiH-tl. exy'x? -y ^«E«<0SEfl:«:K«LT3t« 
MWt7 -f - HA' y ^ Lt iK^^^Wt', iH^M 

[ 0 0 5 2 ] H 5 . 0 6(itfxVX^ y 7 2 ACOm/fi 

a5^*%B3cote0T*. H6^'b'XV"X^ -;7%&tm 

fcmizmuzhftmzzj t?m*mw (09«s> *> 

-y 7 2 A^«0tt*ftx*;^-<0}lflE1#ttSr* LT ^6 . 
flt^x^;l/df-(ifx/x^ -y ^mEt^imS 
L, Clixlr*L!tttfO?r«*-rSC:fcT'^TV'l.. 
[0053] ts£*gaT'(±- 20-160' COifiK® 
HTflttftx 2 feVXt&it L . fx 9 •'/ 7 

O^lA'fi. ^-;K0^fiLHi2tgjfi<^'ft't6. dtHZ 
tt IXXWftX'te. fflEiB«a5H'Cfl«*x*^^-tt5fe 
fc"^t^-f> fxVx^ y^Oi*^*, ^>7'^<24t 
t-gLTV^S, ^rfc. a*, exy** 
(i. te^* (fxhycoBraaib) CiO»WLfct<o 
X'hhtK mw.<n^-)V<r^M<mJHf'b^^\t. # 

S4 1 0OWEO«H«r#-/P4 2 35r^-LT'WltX 
h y 4 2 4 *5Sfti> <I t t3Cfia£*a4 1 3 co»4*<E 
«StL. ClcoEffiTD£^*^«Lf>ni./ci6T-*l). 
[0054] 4fc. byyxi 3tfMfMUfc (-<XW!S 
tt:=%WHI) *1 : 2^1 : 3C0j:^tC. Z<Xil^ 
II 1 3 20>2f£-BH=*S < k->T*Elt*±W S^fc 
T. -iJcffl«Ei^r*>^>DC-DC0Kl 1 20U5?im 
E£<£IEfc-t&-i:# { T-£6. ^^iciO. a' 7 7t 
3yf>tl 1 3lcfKfflE<DiOtffSffl^f&£&0, 0 
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1 1 

[ 0 0 5 5 3 mz txV7,7 y 7 2 AOtftm^Of^lftt 
owtKWf 5. -&(I7^ -yf-y^^l 5£v\'/U7 

5 <0* yfflfUtC t xV7 7 y 7 2A.1i*h Yy y^ZKI 

1 3 2 tfsfcttwsa^awv, i- 7 y* 1 3 ex* 

mm'9.nt-mm&.y4 a- y \ 4 i est ixw* 

[00 56] *IT. -<m*4 vi-y7m?i5m 10 
ytht, v y vz-a.w&& 1 3 1 izmLt&mmm 
miM-xa^yj #- k i 4 1 est ltjs^ tt. 

fcfcoT. h^y^-iXWS^l 3 l-/<77T3yf 
y+f 1 1 3-«l»/^ *- H 1 4 1 ~ h y yx- 
mm%k 1 3 1 1 n38(frC«a»*8Wi, A. y 77 3 y 
fyti 1 3*%*sns. \ix?fx9i9 

2A<7)Sf«x^;l/^-*VN'y7r3yr'y^l 1 3 CHI 

[00 57] ^Octot. *«BBCJ:ntf, txy'7.7 
•y 7 2 A~2 D^O«tftx*/l^-fc*!flrtfSflW't'& 20 

ifflWAftK*«kjWfe tit 0 . f^WPPS: 1 h Z b « 

[ 0 0 5 8 ] $r*J. m*4 v+yn&tTttM *- 
F, 4 y?7 9te£V : t'x.Yx9 v 7tfm®$$ZJ&f&t 
if&Stf&ifrfc. (09» m*4 >yf- 

y 3 y f y k •< > 9 b <r>rs ic-ftB. I x x 
a y^y/m^^yx'mmw^m^tihXoiz 

HlSSSr MBW6«»tT' J: V Vrt>1$ X@MV> i 30 

< . *mmmcoz:b<x4 y+y?m=Hfin-*M h 

74 v^i&l>II]i$t«-f£^i:* { T'#l>. wfifcJ: 
0, 7 4 • S rf-y^*^»WBiliI»<ofllBR* t fB»CT# 

mmmx-itxj y^y^m^v-xmrnimzmmm 

®.X'h y ) ! R%l>X^hfrbX'hh. 

[0059] ($22gtfcjftB) m7iz^wn<r>m2com 
tmmz^i-. #-<otx'yr ^f-ax-^ srigscfi) 

«<7)tOt\ 0*. SSllSIBBJBfcRtS^SrftU: 40 

Bb ««iMl*+*ClllW-* . 
[0060] ^ifcJgJgftiE C U 3 A{i-&ffl!l74 >y 
f-y^Wl 4fcJ:tfZ<MBi.*4 •yf-y/* J f 1 5£l?5 

iHi£«k|5)«t^y5l-7|girtl>-tT'. 

[0061] (w>3mffif&m) B8£*ftffi*>ft3ax 
-&PJ7.4 «yf-y/*i t <o*y*7ira6 

£ S'JcolMCT fir 3 J: 9 fc: L fc t> co? . g #«$r«|j£« 

i£2mmm<r>h<nx'hh. w?. mi. m2mmm 50 



#P)2 0 0 2-1 0 1673 
1 2 

»tr4*>t\ mi. m2mtmBb<7imm&z*'C-i,z 



[00 6 2] HHBEIKU 2 1 A. 31M122A 
tiS*WSr«Mta«Si 1 . *23SMUB!8i:HfcT\ -KH 
IhISS 1 2 1 AtoXV-ttMEXHl 1 2 2 AW. -&0SI74 

■y+yymTiA&xiS-Kmxj -v^yym^i 5<r> 
v-xmn&mn&mz. mmkmbtx&w.mco& 

tn3»17#lftttT*»). ECU3BteJ&CiS3l 7C«kD 

[0063] EC U 3 Bti— iKfflX'f y^-y 1 4 
*^y*t®TW«STi I 1 A^ftRJiLfctW* 1 tJttS 
>-<XIBa7s-f ■y + y-7'mirl4zX7-£l'£>$>£ol'Zffi 
fcZiih. frfrhffif$.X%. ( 1 ) *»4>W4>sWr 
J: 7 C> ti'A^ y ^ 2 £*»JgT'X*/l^-gt*SS: 

[ 0 0 6 4 ] >5:fc. frE^aueffitfev^T - 

^.7.-^ •yf-y^^ttim^^sr-HSristfct 
[ll®o®m^iji B >l] 

[01 3 *^$rjSfflL7ttxyT7^iX-^gg»|2l 

[02 3 mit°oiYT?i-2.x-?mmmz£ mm 
$ fi* h*xy 7 7 * a x-* jwsasftfcwwwjifc) 

[03 3 mie-f y^'x 7 7 sr^*rt«i«Ri<o«m«« 

x7rAc7)fflBg0T'J>&. 

[04 3 ffliStxVT^f-AX-^iBi&lHlBS?)^ Sy 

[05 3 f)ISfxy'T7f-xX-7|g|()II]Kc 7 )^i)SrIK 
BB-f&7*77T-*«.. 

[06 3 miefx>/r7^AX-7»lHl8«i:Jt«2i-& 

[07 ] *m\£&m t/cS"]wfxy"r7^-iX-7gg 

[08] *?&BJi^jifflt-t$'bC8i|c 7 )fxy'T7^^x 
- 7»[US§co[E]SS0t'J) 5 . 
[09 ] ra*»tfxV7?f-*x-?KB0»WEH0 

[^<0iftBB3 

I t°xyr7f-AX-7WHiSS 

I I fiSm 

1 1 1 A'.yf'J 

112 DC-DCnyvW 

113 n yfyf 

12 am^ss 

121 -i 
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122 -ftffiM 
13 YvVX 
1 3 1 -<MBS* 
132 Zjtm&Nk 

1 4 — iJciBX-f y f-y/Sli 1 ( X*;l^-fit&ffl?)X 

1 4 1 -'dm^y* *- v ( x^df-nuRfflox 

1 5 1 ZfcfflfiJF£*'>f *- H ( X*,l^-{*£ffl<OX 



(8) SB8200 2-1 0 1 673 

14 

1 6 v + yT'm? ( ei/7?tax-^a 

iRffl*>*4 -yf-y/^) 

16 1 a«OT£*V*-F 

17 JSSiS 

2. 2A, 2B, 2C. 2D txVX?y? 

3. 3A, 3B ECU 
4 4 W 3.9 9 

4 a VX/l^B 
10 4 b VEMffa 

4 c trxvr^-fax-^ 



[01] 



[05] 




[03] 



[04] 




*'**»__ruuinji ^ 



15 



^^JUUUL 
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(51)Int.C1.7 «' FI r-"-K(##) 

F 0 2 M 47/02 H 0 1 L 41/08 P 

(72) Wm mR em F*-A«fct) 3G066 M07 AB02 AC09 AD12 BA19 

mmmmrmmmm® »^ BA33 ba66 cco6u ccm 

&H#e»*»iHif8^Wrt CE27 DA04 DA06 DB15 DC18 
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